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Description 

ACTIVE NIGHT VISION SYSTEM FOR 
VEHICLES EMPLOYING ANTI-BLINDING 

SCHEME 

Background of Invention 

[0001] The present invention relates to a night vision system for 
detecting objects at relatively low visible light levels. In 
particular, the invention concerns an active night vision 
system having an anti-blinding scheme employing pulsed 
illumination and synchronization with detected pulsed 
light sources from oncoming vehicles. 

[0002] Night vision systems are utilized to allow a user to see 
objects at relatively low visibility light levels. Night vision 
systems typically are classified as either passive night vi- 
sion systems or active night vision systems. In known 
passive night vision systems used in automotive applica- 
tions, mid-infrared cameras are used to image objects us- 
ing the ambient infrared light emitted by the objects in 
the environment. Mid-infrared night vision systems have 



relatively few pixels and, accordingly, images formed us- 
ing such cameras have low video resolution and a rela- 
tively narrow field of view. Known active night vision sys- 
tems utilize a near-infrared (NIR) laser diode or a filtered 
incandescent light source to generate NIR light. The NIR 
light is subsequently reflected off objects in the environ- 
ment and is received by a NIR-sensitive camera. The cam- 
era generates a video signal responsive to received light. 

[0003] An improved active night vision system is disclosed in U.S. 
Patent Application Serial No. 09/598,484 entitled "A Night 
Vision System Utilizing A Diode Laser Illumination Module 
And A Method Related Thereto," which is herein incorpo- 
rated by reference. That application describes an active 
night vision system that uses a NIR diode laser to illumi- 
nate the region forward of the vehicle, and a CCD camera 
to process and display images within the illuminated re- 
gion. Because NIR light is invisible to the human eye, the 
laser light can be formed into a high beam pattern to illu- 
minate potential hazards without blinding oncoming vehi- 
cle operators. Such systems, however, are susceptible to 
blinding by oncoming vehicles similarly equipped with a 
night vision NIR light source. 

[0004] one solution to night vision system blinding by oncoming 



vehicles similarly equipped with a NIR light source is pro- 
vided in U.S. Patent Application Serial No. 09/683,840 en- 
titled "GPS-Based Anti-Blinding System For Active Night 
Vision." In that application, GPS is used to determine the 
direction of travel of the vehicles as well as an absolute 
time reference. Vehicles proximate one another synchro- 
nize their pulsed light sources to the absolute time refer- 
ence signal with the phase of the light pulse based on the 
direction of motion of the respective vehicles. In this way, 
two cars approaching one another from opposite direc- 
tions will have their NIR light sources pulsed out-of-phase 
with each other at duty cycles below 50% to avoid having 
their light source "on" when the opposing vehicle's camera 
is also "on." The disclosed anti-blinding scheme, however, 
requires that all night vision equipped vehicles must also 
be equipped with GPS systems. 
[0005] Thus, there exists a need for alternate night vision sys- 
tems and methods related thereto that mitigate or elimi- 
nate blinding of the vehicle's night vision system by simi- 
larly equipped approaching vehicles. 
Summary of Invention 

[0006] The present invention provides an active night vision sys- 
tem and method related thereto which mitigates the 



blinding effects of nearby similarly equipped vehicles. The 
anti-blinding scheme of the present invention synchro- 
nizes the pulsed light sources of respective vehicles ap- 
proaching each other from opposite directions to be out- 
of-phase without the use of GPS or any other external ref- 
erence source. A night vision system in accordance with 
one embodiment of the present invention includes an illu- 
minating device such as a NIR light source and beam- 
forming optics for illuminating a region in the forward di- 
rection of travel of the vehicle. A receiver, such as a cam- 
era, receives light reflected off objects in the illuminated 
region and generates a video signal responsive to the re- 
ceived light. A second light source is provided which acts 
as a timing trigger pulse operating at a wavelength differ- 
ent than the NIR light source. The light sensor is config- 
ured to detect light at a wavelength corresponding to the 
second light source and generate a timing signal in re- 
sponse thereto. The pulse timing of the second light 
source is known with respect to the first light source. 
Upon detecting another vehicle's trigger light source, the 
controller adjusts the pulse phase of the first light source 
to be exactly out-of-phase with that of the oncoming ve- 
hicle since the pulsed timing of the oncoming vehicle's 



NIR light source is known upon detection of the opposing 
vehicle's trigger light source. In this way, the trigger light 
pulses are used to indicate the pulse timing of each re- 
spective vehicle's primary NIR light source. By knowing the 
other vehicle's light source timing sequence, the reference 
vehicle's light source timing sequence can be adjusted ac- 
cordingly to be out-of-phase and thus, non-interfering. 

[0007] | n another embodiment, a rearward trigger pulse is also 
emitted which differs from the forward trigger pulse or 
primary NIR pulse. The rearward trigger pulse is used to 
synchronize all vehicles traveling in the same direction in- 
phase, such that none are "visible" to the oncoming night- 
vision-equipped vehicles. 

[0008] other advantages and features of the invention will be- 
come apparent to one of skill in the art upon reading the 
following detailed description with reference to the draw- 
ings illustrating features of the invention by way of exam- 
ple. 

Brief Description of Drawings 

[0009] For a more complete understanding of this invention, ref- 
erence should now be made to the embodiments illus- 
trated in greater detail in the accompanying drawings and 
described below by way of examples of the invention. 



[00 1 0] In the drawings: 

[001 1] Figure 1 is a schematic block diagram of a night vision 

system in accordance with one embodiment of the present 
invention. 

[0012] Figure 2 is a schematic diagram of a vehicle-operating 
environment in which the present invention may be used 
to advantage. 

[0013] Figure 3 is a graph showing the timing of the night vision 
signals for the vehicles of Figure 2 in accordance with one 
embodiment of the present invention. 

[0014] Figures 4A and 4B are graphic illustrations of the timing 
of the night vision signals for the vehicles of Figure 2 in 
accordance with another embodiment of the present in- 
vention. 

[0015] Figures 5A and 5B are graphic illustrations of the timing 
of the night vision signals for the vehicles of Figure 2 in 
accordance with another embodiment of the present in- 
vention. 

[0016] Figure 6 shows the sensor output for one method of op- 
erating the night vision system according to the present 
invention. 

[0017] Figure 7 shows the sensor output for another method of 
operating the night vision system according to the present 



invention. 

[0018] Figure 8 is a graph showing the timing of the night vision 
signals for the vehicles of Figure 2 in accordance with an- 
other embodiment of the present invention. 

[0019] Figure 9 is a logic flow diagram of one method of operat- 
ing the night vision system according to the present in- 
vention. 

[0020] Figure 10 is a logic flow diagram of another method of 

operating the night vision system according to the present 

invention. 
Detailed Description 

[0021] Referring now to the drawings wherein like reference nu- 
merals are used to identify identical components in the 
various views, Figure 1 illustrates a night vision system 10 
for detecting objects at relatively low visibility light levels. 
The system 10 may be utilized in a plurality of applica- 
tions. For example, the system 10 may be used in an au- 
tomotive vehicle to allow a driver to see objects at night 
that would not otherwise visible to the naked eye. As il- 
lustrated, the system 10 includes a controller 11, an illu- 
mination subsystem 13, a receiver 15 and, a secondary 
light source 21. 

[0022] Several of the system components may be included within 



a housing 12. It should be understood, however, that the 
components of system 10 contained within housing 12 
could be disposed at different locations within the vehicle 
wherein the housing 12 may not be needed. For example, 
the components of the system 10 could be disposed at 
different operative locations in the automotive vehicle 
such that a single housing 12 would be unnecessary. 
Housing 12 is provided to enclose and protect the various 
components of the system 10. Housing 12 may be con- 
structed from a plurality of materials including metals and 
plastics. 

[0023] As will be discussed in more detail below, the system 10 
may be used to detect any reflective object, such as object 
24, in operative proximity to the system 10. 

[0024] The controller 11 is preferably a microprocessor-based 
controller including drive electronics for the illumination 
subsystem 13, receiver 15, and image processing logic for 
the display system 30. Controller 11 also includes drive 
electronics for the secondary light source 21. Alterna- 
tively, display unit 30 may include its own respective con- 
trol logic for generating and rendering image data. 

[0025] The illumination subsystem 13 includes a NIR light source 
14, beam-forming optics 16, and a coupler 17 between 



the two. Many light source and optics arrangements are 
contemplated by the present invention. For example, the 
light source 14 may be a NIR diode laser, the beam form- 
ing optics 16 may comprise a thin-sheet optical element 
followed by a holographic diffuser, whose combined pur- 
pose is to form a beam pattern in the direction of arrow A 
comparable to the high-beam pattern used for normal ve- 
hicle headlamps; and the coupler 17 between the light 
source 14 and optics 16 can be a fiber-optic cable. 
[0026] The illumination subsystem 13 illuminates the driving en- 
vironment without visually impairing drivers in approach- 
ing vehicles, since the NIR light is not visible to the human 
eye. The light source 14 may comprise a NIR diode laser 
or light-emitting diode, or any other NIR source that can 
be switched on and off at frequencies at or exceeding 
typical video frame rates (30-60 Hz). For example, the 
light source 14 may include a single stripe diode laser, 
model number S-81-3000-C-200-H manufactured by 
Coherent, Inc. of Santa Clara, California. Further, the cou- 
pler may be a fiber-optic cable, or the light source could 
be directly coupled to the optical element 16 through a 
rigid connector, in which case the coupler would be a 
simple lens or reflective component. The coupler 17, de- 



pending upon the spread characteristics of the light 
source 14 may be omitted altogether. 

[0027] Although the system 10 preferably uses a NIR laser light 
source, an alternate embodiment of system 10 may utilize 
a conventional light emitting diode NIR source, or any 
other type of NIR light source, as long as it is capable of 
pulsed operation, in lieu of the infrared diode laser. 

[0028] The secondary light source 21 is used as a trigger pulse 
light source. Secondary light source can comprise any 
type of pulsed light source but preferably is an infrared 
light source operating at a different wavelength than pri- 
mary light source 14. The secondary light source 21 can 
be used to synchronize the gating of the primary light 
source and receiver 15 to eliminate the blinding effects 
which are possible when two similarly equipped vehicles 
approach one another from opposite directions. The sec- 
ondary light source 21 is also configured to emit light in 
the same direction as the illumination subsystem 13, 
which is indicated by direction arrow A corresponding to 
the forward direction of travel of the vehicle. The sec- 
ondary light source can also be configured to transmit 
light in the direction of indicator arrow B corresponding to 
the direction rearward of the vehicle. The rearwardly di- 



rected trigger pulse is used to synchronize the night vi- 
sion illumination systems of commonly-equipped vehicles 
traveling in the same direction as described in further de- 
tail below. If the same light source cannot be physically 
configured to emit light at the second wavelength in both 
direction A and direction B, two separate light sources 
may be necessary and are contemplated by the present 
invention. In such a case, the additional light source 
would be a tertiary light source similar to the secondary 
light source. To distinguish light emitted by the secondary 
light source 21 in direction A, from light emitted in direc- 
tion B, the secondary light source is capable of transmit- 
ting pulses of different duration. The pulse width can then 
be used by other vehicles to determine whether the light 
detected from another vehicle's secondary light source 
came from the front of the other vehicle or rear of the 
other vehicle. Of course, characteristics other than, or in 
addition to pulse width can distinguish a forward trigger 
pulse (T ) from a rearward trigger pulse (T ). For example, 
the wavelength of light may differ. 
[0029] More than one rearward trigger pulse (T , T ) may be 

Rl R2 

necessary to convey synchronization information to vehi- 
cles following a reference vehicle. Thus, the secondary (or 



tertiary) light source includes the capability to further dis- 
tinguish the normal rearward trigger pulse (T ) from syn- 

Rl 

chronized rearward trigger pulse (T ). Again, this charac- 

R2 

teristic may be a different pulse width and/or wavelength 
of light (third wavelength of light). Another distinguishing 
characteristic may include a double pulse. 
[0030] The receiver 15 includes a NIR-sensitive camera 20 and 
optical band pass filter 22. The NIR-sensitive camera 20 
provides a video signal responsive to reflected infrared 
light received by the camera 20. The camera 20 may com- 
prise a CCD camera or a CMOS camera. In one embodi- 
ment of the system 10, the CCD camera is camera model 
number STC-H720 manufactured by Sentech Sensor 
Technologies America, Inc. Infrared light emitted from the 
illumination subsystem 13 and reflected off the object 24 
in the environment is received by the NIR-sensitive cam- 
era 20. The video signal is transmitted to the controller 11 
or directly to the display module 30 where it is processed 
and displayed to allow the vehicle operator to see the ob- 
ject 24. The display 30 may be a television monitor, a 
CRT, LCD, or the like, or a heads-up-display positioned 
within the automotive vehicle to allow the user to see ob- 
jects illuminated by the system 10. 



[0031] The optical band pass filter 22 is provided to filter the in- 
frared light reflected from the object 24. In particular, the 
filter 22 only allows light within the NIR light spectrum to 
be received by the camera 20. Preferably, the filter 22 al- 
lows a maximum transmission of light at a wavelength 
equal to the wavelength of light generated by the NIR light 
source 14. An advantage of using the filter 22 is that the 
filter 22 prevents saturation of the pixel elements (i.e., 
blooming) in the camera 20 by visible light emitted from 
the headlamps of other automotive vehicles. The filter 22 
is preferably disposed proximate to a receiving lens in the 
camera 20. 

[0032] The light sensor 19 includes a photodiode or photocell or 
similar light sensor mounted in the receiver module 15 
that is filtered, such as by band pass filter 23, to be sensi- 
tive only to light at the wavelength corresponding to the 
secondary light source 21. Alternatively, the average out- 
put signal of the camera 20, spatially integrated over 
some or all of its field-of-view, could serve as the light 
sensor 19. Thus, the light sensor 19 detects only trigger 
pulses (T , T , T r2 ) rather than the primary light source. 

[0033] Referring now to Figure 2 there is shown a vehicle-op- 
erating environment wherein the present invention may be 



used to advantage. In Figure 2, two vehicles 50, 52 are 
shown approaching one another from opposite directions. 
Both vehicles 50, 52 are similarly equipped with a night 
vision system 10 in accordance with the present invention. 
Vehicle 51, which is following vehicle 52, is also similarly 
equipped with a night vision system in accordance with 
the present invention. In such a case, vehicle 52 includes 
the secondary light source 21 (or tertiary light source) 
emitting in the rearward direction B such that vehicle 51 
can synchronize the pulse timing of its primary light 
source with that of vehicle 52 so that both vehicles will 
operate their night vision system in sync with each other, 
but out-of-phase with approaching vehicle 50. If the illu- 
mination sources of vehicles 50 and 52 were simultane- 
ously on, the respective receivers of both vehicles 50, 52 
would be saturated or "blinded" by the opposing vehicle's 
illumination device. In the present invention, this is 
avoided by gating the illumination device and receiver on 
and off as a function of a timing signal determined from 
light sensor 19 in combination with the trigger pulse of 
secondary light source 21. 
[0034] Referring now to Figure 3, there is shown a timing graph 
illustrating the night vision signals for the vehicles 50, 52 



of Figure 2 in accordance with a first embodiment of the 
present invention. The upper portion of Figure 3 illus- 
trates the pulse sequence for the primary light source of 
vehicle 50 (Figure 2) used in the active night vision sys- 
tem. The primary light source pulses are indicated as ref- 
erence numeral 60. The pulsed light source is being oper- 
ated at a duty cycle of less than 50%. Similarly, the re- 
ceiver 15 and, in particular, the camera 20 operates only 
during that portion of the cycle when the primary light 
source is on. Similarly, the pulsed light source of ap- 
proaching vehicle 52 (Figure 2) is illustrated in the lower 
portion of Figure 3 wherein the primary light source 
pulses are indicated by reference numeral 62. Vehicle 52 
also is operating its primary light source at a duty cycle 
below 50%. The primary light sources, however, need only 
be operated at a duty cycle of less than 50% upon the de- 
tection of another vehicle's trigger pulse. At all other 
times, they can be operated either in pulse mode or con- 
tinuously. If the two approaching vehicles are able to co- 
ordinate their respective light pulses such that they are 
out-of-phase with each other, then night vision system 
blinding is avoided. As described herein, the light sensor 
19 is used to ensure that the opposing night vision sys- 



terns are synchronized out-of-phase with each other. 
[0035] The pulse repetition rate of the primary light source and 
trigger pulses of all night-vision-equipped vehicles is the 
same. The trigger pulses are preferably timed such that 
they begin exactly at the center of the inter-pulse ("dark") 
window between primary light source pulses. Thus, refer- 
ring to Figure 3, between times t and t^, the trigger pulse 
of vehicle 50 occurs at time t 3 which is halfway between t 
and t 5 - Also, between times and t g , the trigger pulse of 
vehicle 52 occurs at time t which is halfway between 
and t . The light sensor is activated during this "dark" in- 
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terval to detect trigger pulses and generate a respective 
trigger pulse detection signal. 
[0036] The system operation will be described with reference to 
Figure 3. Upon approaching the other night-vi- 
sion-equipped vehicle traveling in the opposite direction, 
each vehicle will detect the other vehicle's front trigger 
pulse (T ) from the secondary light source which will be in 
an arbitrary phase relationship to the reference vehicle's 
night vision system. If the vehicle 50 and vehicle 52 pulse 
times were exactly out-of-phase with each other, then the 
vehicle 50 trigger pulses would be centered between the 
trigger pulses of vehicle 50 and vice versa. In general, 



though, vehicle 50 will observe a trigger pulse from vehi- 
cle 52 at a first differential time (dt) after one of its trigger 
pulses and a second differential time (dt') before its next 
pulse, where dt + dt' = T, the pulse period, and vice 
versa. In the example shown, the light sensor of vehicle 
50 first detects a trigger pulse of vehicle 52 beginning at 
time t . The controller of vehicle 50 notes that, in this ex- 
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ample, dt < dt'. As a result, it advances the phase of its 
pulse train by a fixed time increment, so that the next 
trigger pulse and main light pulse occur earlier than they 
otherwise would. The result is to increase the first time 
differential (dt) and decrease the second time differential 
(dt 1 ). When vehicle 50 detects the next trigger pulse from 
vehicle 52, it again checks the magnitudes of dt and dt' 
and advances its phase by another time increment as nec- 
essary. At some time t , vehicle 52 detects a trigger pulse 
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from vehicle 50. Since vehicle 52 determines that dt > dt', 
vehicle 52 retards or delays the phase of its pulse train. 
Each vehicle continues advancing and delaying its pulse 
trains until each observes approximately equal intervals 
for dt and dt', at which point their pulse trains are out- 
of-phase with respect to one another, as desired. 
[0037] Rather than advancing or delaying its pulse train by a 



fixed amount during each pulse period, the controller 
could alter the interval depending upon the ratio dt/dt'. 
[0038] The foregoing synchronizing scheme is very robust. A 

simplified scheme is also contemplated. Because the pulse 
repetition rate (the period T) of the primary light source 
and trigger pulses of all similarly-equipped NVE vehicles 
is the same, the pulse trains can be synchronized out of 
phase immediately upon the detection of a trigger pulse. 
For example, when vehicle 50 detects the trigger pulse of 
vehicle 52 at time t , the controller of vehicle 50 can de- 
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termine that the center of the primary light source pulse 
62 of vehicle 52 will occur at T/2 after t^. Figures 4A and 
4B illustrate the cases where the trigger pulse is detected 
by vehicle 50 during the interval between its primary light 
pulses. If dt > dt' the vehicle 50 delays its trigger pulse by 
the required amount (Figure 4A); if dt < dt' vehicle 50 ad- 
vances its trigger pulse by the required amount (Figure 
4B). In the latter case, vehicle 50 delays its next primary 
light pulse until after the phase adjusted trigger pulse has 
been sent. Thus, in Figures 4A and 4B, the next trigger 
pulse for vehicle 50 would normally occur at time t 5 - In 
cases where dt > dt', the next trigger pulse is delayed un- 
til time t (Figure 4A) or advanced to time t (Figure 4B), 



and the next primary light pulse to be centered at a time 
T/2 after time t . 

6 

[0039] Figures 5A and 5B illustrate the cases where the trigger 

pulse is detected by vehicle 50 during an interval when its 
primary light pulse is on. As before it delays (dt > dt') or 
advances (dt < dt') its next trigger pulse to occur at a time 
interval T/2 after t . In the case where dt < dt', vehicle 50 

4 

may optionally choose to cut short its primary light pulse 
so as not to overlap with the primary light pulse from ve- 
hicle 52. This simplified scheme is advantageous in that 
the respective vehicle NVE systems are immediately syn- 
chronized out of phase within a single time period T. In 
this scheme, the vehicles 50, 52 would be operating their 
primary light sources in a pulsed mode with a duty cycle 
less than 50%. If operated in continuous mode, upon de- 
tection of an oncoming trigger pulse, each vehicle would 
immediately operate their primary light sources in a 
pulsed mode. 

[0040] | n principle, two cars could approach each other with their 
light pulses exactly in phase and each first detect the 
other's trigger pulse at exactly the same instant. If this 
were to occur, each vehicle would simultaneously switch 
its phase by half a time period, with the result that both 



vehicles' pulses would remain in phase. This occurrence 
would be extremely unlikely, and slight differences in tim- 
ing would probably result in resolving the problem after a 
few time periods. Nevertheless, if it were desired to pre- 
vent even the possibility of such a situation occurring, the 
following procedure could be used. If a vehicle detected 
an oncoming vehicle's trigger pulse at the same time it 
was sending out its own trigger pulse, it could delay its 
next trigger pulse by a fraction of the time period T, that 
fraction being determined by generating a random num- 
ber based on a unique seed value. For example, the seed 
could be a system clock, the vehicle's current speed, an 
encoded vehicle identification number (VIN), or any such 
easily-accessed number. Thus in the following time pe- 
riod the two vehicles' light pulses would be out of phase 
by a random amount and could then be set exactly out of 
phase as before. 
[0041] The pulse synchronization method described with refer- 
ence to Figures 4A, 4B and 5A, 5B could also be imple- 
mented without a trigger pulse, thus eliminating the cost 
and complexity of supplying the trigger pulse. In this ap- 
proach, the light sensor 19 is filtered to be sensitive to 
the wavelength of the night vision laser pulse, rather than 



to that of a trigger pulse. The sensor is shielded to pre- 
vent it from seeing the direct illumination of the laser 
pulse, so that it sees only reflections of the pulse from 
nearby objects, as well as the direct laser pulse of an ap- 
proaching night vision equipped vehicle. Such an ap- 
proaching vehicle 52 will, in general, have its laser pulse 
at an arbitrary phase with respect to that of vehicle 50. 
The output from the light sensor 19 of vehicle 50 will 
therefore be of the form shown in Figure 6. The first out- 
put pulse of the light sensor occurs before the approach- 
ing vehicle has been detected. Vehicle 50's laser pulse be- 
gins at time t and ends at time X.^. For generality, the out- 
put pulses of the light sensor have been drawn to illus- 
trate a condition where the total reflected light is increas- 
ing with time. For example, vehicle 50 may be approach- 
ing a reflective road sign. The second light sensor output 
pulse occurs as a night vision equipped vehicle 52 ap- 
proaches. At time t vehicle 50's pulse begins as before. 
At time t 3 , the approaching vehicle 52 turns on its light- 
source, resulting in a sudden increase in signal from sen- 
sor 19 (left arrow). At time vehicle 50's pulse termi- 
nates, and at time t , vehicle 52's pulse terminates, caus- 
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ing a sudden decrease in signal from sensor 19 at time t 3 - 



Figure 7 shows a similar diagram for the case where vehi- 
cle 52's pulse train leads rather than lags that of vehicle 
50. 

[0042] The output of sensor 19 is analyzed by the vehicle night- 
vision controller to detect oncoming vehicle pulses. Such 
pulses can readily be distinguished from a change in re- 
flection in two ways. First, the turn-on time of the ap- 
proaching vehicle laser beam pulses, and thus the light 
sensor output rise time, is much shorter than the typical 
time over which reflection strength changes. Second, an 
approaching vehicle light source pulse is characterized by 
an increase in signal from sensor 19 followed by a de- 
crease in signal exactly T/2 seconds later (assuming a 
50% duty cycle). Having detected the oncoming vehicle's 
light source pulse, the controller of vehicle 50 times its 
next light source pulse to begin at the time of termination 
of the approaching vehicle's pulse, thus placing the two 
pulse trains exactly out of phase. 

[0043] As in the previous case, a very rare situation could occur 
where both vehicles' laser beam pulses are exactly in 
phase. As before, the situation is so unlikely that it is 
probably acceptable to tolerate it. However, again there is 
a fix if desired. Since the approaching vehicle's laser beam 



will eventually become very bright (causing the blinding 
that this invention seeks to avoid), there could be a simple 
threshold discriminator. If the incoming light intensity ex- 
ceeds a threshold it would signal that there is an oncom- 
ing beam, and the vehicle would adjust the phase of its 
pulses by a random amount as described earlier, at which 
point out-of-phase synchronization could occur. 

[0044] Referring now to Figure 8, there is shown a timing graph 
of a second method of operating an active night vision 
system in accordance with an embodiment of the present 
invention. In the scheme described with reference to Fig- 
ure 8, two vehicles, vehicle A and vehicle B, are traveling 
in opposite directions and approaching one another such 
as shown in Figure 2. In addition to the primary night vi- 
sion light source, each vehicle is also equipped with a 
secondary light source such as low power diode laser or 
LED which is used as a trigger light source to synchronize 
the respective vehicle's primary night vision light source 
out-of-phase with the detected vehicle's primary night vi- 
sion light source. 

[0045] The trigger light source emits a short duration pulse syn- 
chronized with the main light pulse, but preferably phased 
so that it occurs exactly at the midpoint of the "dark" pe- 



riod of the main light source as before. The trigger light 
source also operates at a different wavelength than the 
primary night vision light source and, preferably, has a 
narrower cone angle than the primary light source. In or- 
der to be detected by an oncoming vehicle which is simi- 
larly equipped, the trigger light source emits light in the 
same direction as the primary night vision light source (T 
f ). In addition, the secondary light source emits light rear- 
ward of the vehicle (T ) such that vehicles traveling in the 
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same direction can synchronize their primary night vision 
light sources to be in-phase with one another. For exam- 
ple, the secondary light source can be located in a tail 
lamp of the night vision equipped vehicle. The forward 
and rearward-directed secondary light pulses can be of 
different pulse widths such that they can be distinguished 
by the vehicle traveling behind the reference vehicle or the 
vehicle approaching the reference vehicle as described 
above. Thus, upon detection of a rearward emitted trigger 
pulse, the vehicle following the reference vehicle would 
synchronize its night vision primary light source in-phase 
with the reference vehicle, whereas upon detection of a 
forward emitted trigger light pulse, the approaching vehi- 
cle would synchronize its primary night vision light source 



out-of-phase with the reference vehicle. Alternatively, a 
different wavelength of light can be used for the forward 
and rearward trigger light pulses rather than pulse widths. 

[0046] jo detect the trigger light pulses from the secondary light 
source, the light sensor of each vehicle's night vision sys- 
tem is filtered to be sensitive to the wavelength of light 
emitted from the secondary light source rather than the 
primary night vision light source. 

[0047] | n Figure 8, each vehicle has its primary night vision light 
source on. This is shown as light pulse 100 for vehicle A 
and light pulse 102 for vehicle B. Each vehicle is also 
transmitting its secondary trigger light pulse at an arbi- 
trary phase relationship with respect to the other vehicle. 
The trigger light pulses for both vehicles, however, occur 
at a known periodic rate. The trigger pulse for vehicle A is 
shown as reference 104 and the trigger pulse for vehicle B 
is shown as reference 106. In the example shown, the 
light sensor of vehicle A detects the trigger pulse of vehi- 
cle B at time t and, in response, turns off its primary 
night vision light source. Because the trigger pulse period 
of vehicle B is known, i.e., it is the same as the trigger 
pulse period of vehicle A, the controller of vehicle A de- 
termines that the out-of-phase timing for vehicle B's pri- 



mary night vision light source should occur at the time t^. 
This represents the midpoint of vehicle B's trigger pulse 
time period. Once the out-of-phase timing point is deter- 
mined, the controller of vehicle A adjusts its next primary 
and secondary light source pulse to occur at a time t 
which is approximately halfway between time and when 
the trigger pulse of vehicle A would have otherwise oc- 
curred at time t . 
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[0048] The trigger pulse of vehicle A at time t 3 is sensed by the 
light sensor of vehicle B and in response, the primary 
night vision light source of vehicle B is turned off at time t 
. Accordingly, the controller of vehicle B determines the 
out-of-phase timing of the trigger pulse sequence of ve- 
hicle A to occur at time t . The controller of vehicle B 

8 

therefore adjusts its primary and secondary light source 
pulses to occur at a time t which is halfway between time 
t and the time t when the trigger pulse of vehicle B 
would have otherwise occurred. 
[0049] The sequence then repeats. Specifically, the trigger pulse 
of vehicle B at time t is again detected by the light sensor 
of vehicle A, and the controller of vehicle A further refines 
the trigger pulse timing of vehicle A's night vision system 
to be out-of-phase with that of vehicle B. Thus, vehicle A 



determines the next trigger pulse of vehicle B to occur at 
a time t and adjusts its trigger pulse to occur at a time t 
which is halfway between t and when vehicle A's trigger 
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pulse would have otherwise occurred at t . In response to 
the trigger pulse of vehicle A occurring at t , the con- 
troller of vehicle B makes a similar adjustment, resulting 
in its trigger pulse occurring at time t . By the time t , 
the primary night vision light source of both vehicles are 
out-of-phase with each other. 
[0050] | n either the example of Figure 3 or Figure 8, if a night vi- 
sion equipped vehicle were approaching another similarly 
equipped night vision vehicle traveling in the same direc- 
tion, the lead car's trigger pulse is recognized as a rear- 
wardly directed trigger pulse (T ) by its distinctive pulse 

R 

width or wavelength, or other identifying characteristic. 
The following vehicle, in response, immediately adjusts its 
primary night vision light source and secondary light 
source trigger pulses to be in-phase with those of the 
lead car. In this way, an oncoming night vision equipped 
vehicle approaching the two synchronized vehicles travel- 
ing in the same direction would "see" the two approaching 
vehicles as one synchronized primary and secondary light 
source pulse train. In addition, the lead vehicle such as 



vehicle 52 of Figure 2, upon detecting vehicle 50 traveling 
in the opposite direction, changes its rearwardly directed 
trigger pulse (from T to T ) width or wavelength or 

Rl R2 

other identifying characteristic to indicate to the controller 
of the following vehicle 51 that vehicle 52 had locked onto 
an approaching night vision equipped vehicle 50. This in- 
dicates to the controller of vehicle 51 to switch its primary 
night vision vehicle light source to pulse mode in sync 
with the lead vehicle 52 night vision system. 
[0051] An approaching night-vision-equipped vehicle traveling in 
the same direction need not immediately switch its pri- 
mary light source to pulsed operation upon the detection 
of a leading vehicle's rear trigger pulse. Rather, it would 
continue emitting in a continuous mode operation until 
the leading vehicle detected an oncoming night-vi- 
sion-equipped vehicle. At this point, the leading vehicle 
would switch its rearward trigger light pulse (T ) to indi- 

Rl 

cate a detected oncoming vehicle 0" 2 )- Upon detection of 
the T r2 pulse, the following vehicle switches to pulsed 
primary light source operation in-phase with the leading 
vehicle, and would continue in this mode until the lead 
vehicle changes to T and the following car does not de- 
tect any forward trigger pulse (T ) from the approaching 



vehicle. 

[0052] | n another embodiment, the front trigger laser of each ve- 
hicle can be eliminated such that only the rearwardly di- 
rected trigger laser is used to synchronize the respective 
vehicle's night vision system light source. In this scheme, 
all vehicles traveling in the same direction synchronize 
their pulsed primary night vision light sources as de- 
scribed above. Two vehicles approaching each other from 
opposite directions detect the other vehicle's primary 
night vision light source and adjust accordingly to move 
out of phase with each other. This can be accomplished by 
integrating the amount of light detected in two equal 
length time windows representing the first half and sec- 
ond half of the "dark period" between light source pulses. 
When the intensity levels of the detected light in the two 
time windows are approximately equal, it is an indication 
that the opposing vehicle's primary light source is "on" 
when the reference vehicle's primary light source is off. In 
this way, all vehicles can appropriately operate their re- 
spective primary light source in a pulse mode to avoid 
blinding without the need for a forward trigger light pulse. 

[0053] Referring now to Figure 9 there is shown a logic flow dia- 
gram of a method of operating a night vision system in 



accordance with the anti-blinding scheme of Figure 3. The 
logic begins in block 210 when a trigger pulse of another 
vehicle is detected by the light sensor of the night vision 
system of the reference vehicle. In block 212, the charac- 
teristic of the trigger pulse is examined to determine 
whether it was a rearwardly projected trigger pulse (T ) 

R 

from a vehicle in front of the reference vehicle traveling in 
the same direction, or a forward transmitted trigger pulse 
(T ) from an oncoming vehicle traveling in the opposite 
direction. For a detected oncoming vehicle, the logic con- 
tinues to block 214 and the primary light source of the 
reference vehicle is immediately turned off and, there- 
after, operated in pulse mode at a duty cycle of approxi- 
mately 50% or less. In block 216, the primary and sec- 
ondary light source pulses are synchronized such that the 
secondary light source trigger occurs at the midpoint of 
the primary light source "dark" period. To alert vehicles 
rearward of the reference vehicle, the alternate rearward 
trigger pulse is transmitted in block 218. The alternate 
rearward trigger pulse (T ) has characteristics, i.e., wave- 
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length or duration, different than the normal rearward 
trigger pulse. This alerts vehicles following the reference 
vehicle that a lead vehicle has detected an oncoming vehi- 



cle traveling in the opposite direction and that it is neces- 
sary to operate the night vision system in a synchronized 
pulse mode. In block 220, the values for dt and dt' are de- 
termined and compared. Based on the relative difference 
between dt and dt' (based on magnitude or ratio), the ref- 
erence vehicle's NIR pulse is modified in block 222. This 
can be accomplished by advancing or delaying the NIR 
pulse by a fixed amount or as a function of the ratio of dt 
to dt'. This continues until dt and dt' are approximately 
equal. When the pulse phase timing is known, as in the 
case of similarly equipped NVE vehicles, the out of phase 
synchronization can occur in as little as one pulse phase. 
This results when the first vehicle detects the oncoming 
vehicle's trigger pulse. At such time, the detecting vehicle 
can advance or delay its trigger pulse to occur at T/2 after 
the detected vehicle's trigger pulse. In other words, the 
detecting vehicle's primary light source can be pulsed, in 
response to the detected trigger pulse, to be centered 
around a time T after detecting the oncoming vehicle trig- 
ger pulse. Thus, the vehicles will be synchronized out of 
phase immediately upon the detection of either vehicle's 
oncoming trigger pulse. 
[0054] For vehicles traveling in the same direction where no on- 



coming vehicle is detected (normal rearward trigger pulse 
only), the vehicles can synchronize their respective sec- 
ondary light source trigger pulses and maintain their pri- 
mary night vision light source on for any duty cycle up to 
100%. Where an oncoming vehicle's trigger pulse is de- 
tected, or an alternate rearward trigger pulse (T ) is de- 

R2 

tected, the reference vehicle's primary night vision light 

source will be operated in pulse mode at a duty cycle of 

less than approximately 50%. In block 222, the reference 

vehicle's trigger pulse will be modified to be either in- 

phase with the lead vehicle's trigger pulse in the case of a 

detected rearward trigger (T or T ), or out-of-phase 

5,3 Rl R2 ' K 

with a detected trigger pulse from an oncoming vehicle (T 

[0055] Referring now to Figure 10, there is shown a logic flow di- 
agram of another method of operating an active night vi- 
sion system in accordance with the present invention cor- 
responding to the anti-blinding scheme of Figure 8. The 
logic is the same as that described with respect to Figure 
9 for blocks 210 through 218 regarding the detection of 
an oncoming vehicle trigger pulse and the transmission of 
an alternate rearward trigger in the presence of a detected 
forward trigger pulse. In block 216, however, the primary 



and secondary light source pulses of the reference vehicle 
are synchronized such that the primary light source pulse 
begins at the same time as the secondary light source 
trigger pulse. In block 300, the next trigger pulse of the 
detected vehicle is determined since the trigger frequency 
of all night-vision-equipped vehicles is know. Based on 
the predicted timing of the detected vehicle's next trigger 
pulse, the reference vehicle's trigger pulse is modified in 
block 310. This is accomplished by modifying the syn- 
chronized NIR pulse and trigger pulse to start at a time 
halfway between their original time period and a time 
corresponding to be exactly out-of-phase with that of the 
detected oncoming vehicle. 
[0056] From the foregoing, it can be seen that there has been 

brought to the art a new and improved vehicle active night 
vision system which has advantages over prior vehicle 
night vision systems. While the invention has been de- 
scribed in connection with one or more embodiments, it 
should be understood that the invention is not limited to 
those embodiments. On the contrary, the invention covers 
all alternatives, modifications and equivalents as may be 
included within the spirit and scope of the appended 
claims. 



